Tinnitus, a growing concern among adults, is the perception of sound without an external acoustic source. Tinnitus can sound like ringing, buzzing, and clicking and is typically caused by noise-induced hearing loss. Noise-induced hearing loss is caused by prolonged exposure to high levels of noise, which damages the cochlea, and can be temporary or permanent. The purpose of this study is to determine if there are any common factors or characteristics in Acoustic Reflex, standard pure tone and/or Extended High-Frequency testing results between two groups: people who report and do not report tinnitus. This study explores whether Acoustic Reflex testing and Extended High-Frequency audiometric testing results will provide quantitative evidence of ear pathology associated with tinnitus.
INTRODUCTION
The purpose of this study is to test Acoustic Reflex thresholds and perform Extended High-Frequency audiometry on individuals who report tinnitus based on completion of a validated questionnaire called the "Tinnitus Handicap Inventory" (see Methodology) . Tinnitus, which is the perception of sound when no actual noise is present, is a growing complaint among collegiate students. Tinnitus can manifest itself as anything from ringing, buzzing, and clicking, and is typically caused by noise-induced hearing loss. Noise-induced hearing loss is caused by prolonged exposure to high levels of noises, which damages the hair cells of the cochlea, and can be temporary or permanent. According to the American Academy of Family Physicians, noise can cause permanent hearing loss at chronic exposures equal to an average SPL (Sound Pressure Level) of 85 dB or higher for an 8-hour period. The amount of time that is considered safe for listening decreases as the decibel level is increased by 3 dB(A); 85 dB(A) will permit you to listen safely for 8 hours, while 88 dB(A) results in 4 hours of safe listening (Noise-Induced, 2012) . The World Health Organization reported that a staggering 1.1 billion teenagers and young adults are at risk for hearing loss due to misuse of personal audio devices and exposure to venues such as nightclubs, bars, sporting events, and music concerts (Sminkey, 2015) . Noise-induced hearing loss is devastating to physical and mental health, education, and employment, so it is essential to be proactive in its prevention. It is a "common opinion among researchers within the field of audiology" that due to more sources of noise exposure in today's society, the prevalence of tinnitus will increase (Widen & Erlandsson, 2004) .
The physiological causes of tinnitus have been unknown until more recently, as studies are gradually showing what is the cause of the disorder by examining the ear at the cochlear level and neural level. According to the Journal of Clinical Neurology, tinnitus does not represent a disease itself but is actually a symptom of a variety of underlying diseases (Han et al, 2009) . The goal of this study is to further examine auditory tinnitus by evaluating the Acoustic Reflex threshold, Extended High-Frequency thresholds and the Tinnitus Handicap Inventory of a group of patients.
ACOUSTIC REFLEX DEFINED
The Acoustic Reflex is a protective feature of the inner ear that protects the ear from extremely loud sounds. The stapedius muscle, the smallest muscle of the body, contracts in response to loud sounds and is responsible for preserving our hearing.
Without this reflex, hearing ability would deteriorate quickly due to the prevalence of loud and sudden sounds in society. The Acoustic Reflex is a bilateral reflex -the stapedius muscles of both the left and right ear are stimulated regardless of what ear you put a loud sound in. Thus, the Acoustic Reflex consists of two pathways -the ipsilateral pathway and the contralateral pathway. The pathway begins at the outer ear, travels through the middle ear, through the cochlea, and then is conducted along the eighth auditory nerve to the brainstem. The impulse is received by the cochlear nucleus and superior olivary complex in the brain stem. From there, the seventh facial nerve innervates the right and left stapedius muscle, evoking the Acoustic Reflex in the ear.
One would not anticipate the Acoustic Reflex at the normal conversational level, which is around 40-60 dB HL. Usually if a stimulus is between 70 to 100 decibels, the Acoustic Reflex is activated. If the reflex occurs outside of this range, there is a potential problem in the ear, typically in the cochlea or the acoustic nerve (CN VIII). For example, a response at a low sensation (lower than 70 dB) indicates a cochlear problem and a response at a high sensation level (higher than 100 dB) indicates a retrocochlear problem.
Tinnitus can occur due to a cochlear or retrocochlear pathology. The Acoustic Reflex testing may give an indication regarding the possible location or origin of the tinnitus. According to a study published by American Journal of Audiology, previous research has indicated elevated or absent Acoustic Reflex thresholds in subjects with complaints of tinnitus (Fernandes et al, 2013) . In conjunction with this finding, previous undergraduate students under Dr. Darah Regal have found that the mean threshold of Extended High-Frequency thresholds are higher for people who have tinnitus while absent otoacoustic emissions did not have any correlation with tinnitus. (An otoacoustic emission is a phenomenon in which the cochlea, in response to being stimulated with a sound, emits a sound back out of the ear that can be measurable and predictable). Thus the purpose of this study is to demonstrate whether both Extended High-Frequency thresholds and Acoustic Reflex thresholds are elevated in those with tinnitus.
Expected benefits from this research study will be to alert participants to potential risk factors of hearing loss, as well as detect early hearing loss in the high frequencies as the 9000 to 20000 Hz range are affected earlier on in life than the standard 250 to 8000
Hz range. This study should help clarify possible tests that correlate with tinnitus, cochlear versus retro-cochlear, using Acoustic Reflex and Extended High-Frequency testing. It is expected that the severity of the tinnitus will directly correlate to hearing loss in EHF and elevated AR. Furthermore, college-age adults are complaining more and more of ringing in their ears possibly due to noise-induced hearing loss. This exposure to loud sounds typically causes cochlear damage, which is what results in tinnitus. Thus, if an audiologist can detect the beginning signs of cochlear damage from EHF and AR threshold testing, patient counseling regarding appropriate protection of the cochlea may result in preservation of healthy hearing (Audiologic Guidelines, 2000) .
Thus, this study will involve conducting Acoustic Reflex and Extended Highfrequency testing on two groups of adults: first, those who complain of tinnitus, and second, a control group. The goal is for Acoustic Reflex to be elevated/absent and Extended High-Frequency threshold to be higher in those who complain of tinnitus, thus clarifying possible audiological tests that could be used to alert patients of possible auditory system damage which may be related to auditory tinnitus. Since both Acoustic Reflex and Extended High-Frequency audiometry is an important tool for the differential diagnosis of tinnitus in individuals, this research will help provide more specificity on additional tests that may indicate an auditory tinnitus and will give audiologists more information regarding hearing-loss prevention. A combined study of AR and EHF could assist in educating individuals about noise-induced hearing loss and the early effects that noise exposure can have upon the cochlea.
PRIMARY RESEARCH QUESTIONS
• Can both Acoustic Reflex testing (AR) and Extended High-Frequency (EHF) audiometric testing results provide quantitative evidence of possible ear pathology associated with tinnitus in young adults?
SECONDARY RESEARCH QUESTIONS
• Is there a correlation between absent or elevated AR thresholds and higher EHF thresholds and will this correlation help us to differentiate between those with low tinnitus scores versus high tinnitus scores on the tinnitus questionnaire?
• Will both AR and EHF audiometry together, provide numeric data to counsel patients with tinnitus concerning auditory/cochlear function?
METHODOLOGY

This study was a quantitative non-experimental comparative and predictive design
and was open to all adults 18 or older who reported having tinnitus. There were 24 individuals (ages 20-83) with self-reported symptoms of tinnitus and a control group of 20 individuals. A peer-reviewed and validated questionnaire called the "Tinnitus Handicap Inventory" was used as a way of qualifying people for the research study. The severity scale at the end of the survey ranked the grades of tinnitus from slight to catastrophic. A complete hearing evaluation was conducted to detect thresholds outside the range of normal hearing. Hearing within normal limits was defined as hearing thresholds of -10 to -25 dB HL for adults. Extended High-Frequency (EHF) threshold testing was carried out to detect high frequency losses that may be present, as well as tympanometry and Acoustic Reflex (AR) testing. Data was collected from July 2017 thru January 2019. Numeric values from AR and EHF were compared to the Tinnitus Questionnaire percentage results to determine any correlational components.
Instrumentation: Andrews University's Department of Speech-Language
Pathology and Audiology had the necessary and appropriate equipment for this research study, including a sound isolated chamber, annually calibrated audiometer including Extended High-Frequency, and immittance bridge for Acoustic Reflex. A valid and peerreviewed Tinnitus Questionnaire was utilized, with an attached form for contact information and consent statement for research study (see end of Methodology section for copy of the questionnaire). This Questionnaire was brief, easy to administer and interpret, broad in scope, and included a "Tinnitus Handicap Inventory Severity Scale" with 5 grades corresponding to increasing degrees of tinnitus. A file number was assigned on the first page and then entered on each subsequent page of the case history form in order to preserve anonymity. Levene's Test for Equality of Variances was used to assume equal variances. Numeric values from AR and EHF were compared to the Tinnitus Questionnaire results to determine any correlation between absent or elevated AR thresholds and higher EHF thresholds. The goal was to determine whether this correlation help audiologists differentiate between those with low versus high tinnitus scores.
Data collection procedures:
RESULTS
First examining Extended High-Frequency threshold results, the mean was found by combining all of the decibel thresholds in the tinnitus group and all of the decibel thresholds in the control group. Figures 1 and 2 display the mean pure tone thresholds values for the control and tinnitus groups. The group with tinnitus had higher pure tone thresholds for almost every frequency than the control group. Pure tone results were analyzed and revealed a significant difference between the control and tinnitus groups.
The sample means, t-and p-values are displayed in Figure 4 , which show that subjects in the control group had significantly lower mean pure tone thresholds in specific frequencies in both the right and the left ear than the tinnitus group. There is statistical evidence that the associated population means are significantly different at the 0.05 level.
As a side note, there were two individuals in the control group and six individuals with tinnitus who did not respond to even the highest decibels during the pure tone audiometry evaluation (NR). Thus, the limits of the audiometer were used in determining the following means. The limits of the audiometer are as follows: In previous studies, individuals with tinnitus were found to have a noise notch, or higher threshold, at 6000 Hz and 16000 Hz, which explains why Band 4 and Band 5 were included.
In addition, no correlation was found between age and the "Tinnitus Handicap
Inventory" score (Pearson Correlation = -.014), meaning that older age did not indicate higher severity of tinnitus in this study.
Next, the Acoustic Reflex threshold results were analyzed. Figure 5 demonstrates that no correlation was found between the absent or elevated Acoustic Reflex thresholds and higher Extended Frequency thresholds. Although it was suspected that those with tinnitus would have abnormal Acoustic Reflex thresholds compared to the control group, there was no correlation in this area either. Even though both sensation level (dB SL) and
hearing level (dB HL) were analyzed, there was no correlation found between having tinnitus and higher Acoustic Reflex thresholds. 
DISCUSSION
Standard pure tone and Extended High-Frequency threshold results revealed a significant difference between the control and tinnitus groups. The subjects in the control group had significantly lower mean pure tone thresholds in specific frequencies in both the right and the left ear. There is statistical evidence that the associated population means are significantly different in the following areas at the alpha = 0.05 level:
• In both ears, individuals with tinnitus had higher hearing thresholds for Band 1 (250-2000 Hz) than the control group (Right p = .003, Left p = .031)
• In both ears, individuals with tinnitus had higher hearing thresholds for Band 3 (9000-18000 Hz) than the control group (Right p = .043, Left p = .037)
• In the right ear, individuals with tinnitus had higher hearing thresholds for Band 5 (16000 Hz) than the control group (Right p = .031)
Conclusively, Extended High-Frequency audiometric testing results does provide quantitative evidence of ear pathology associated with tinnitus especially in the low frequencies (250-2000 Hz) and the higher frequencies (9000-18000 Hz). Acoustic Reflex testing does not provide evidence, as there is no correlation between absent or elevated AR thresholds and higher EHF thresholds.
In conjunction with this finding, previous undergraduate students under Darah Regal, Au.D., CCC-A, have found that absent otoacoustic emissions did not have any correlation with tinnitus while the mean threshold of Extended High-Frequency thresholds are higher for people who have tinnitus. This study once again confirmed that auditory tinnitus can be clarified by higher Extended High-Frequency thresholds but
found that tinnitus has no correlation to absent or elevated Acoustic Reflex thresholds.
This research study is beneficial as it helps to alert participants to potential risk factors to hearing loss as well as detect early hearing loss in the Extended High-Frequencies (the 9000 to 20000 Hz range is affected earlier on in life than the standard 250-8000 Hz range). This study was able to clarify possible tests that correlate with tinnitus, revealing that although Extended High-Frequency testing is helpful, Acoustic
Reflex testing is not. Thus, if an audiologist detects the beginning signs of cochlear damage through EHF threshold testing, patient counseling regarding appropriate protection of the cochlea may result in preservation of healthy hearing. Since it has been shown that Extended High-Frequency audiometry is an important tool for the differential diagnosis of tinnitus in individuals, this research provides more specificity on which tests may indicate an auditory tinnitus and which tests will not.
The limitations of this study are that there was an unbalanced age representation in the sample. Further studies are recommended to include more individuals in the sixty to eighty year old ranges in both the control group and tinnitus group, as there were very few individuals in this age range represented in this study. This will ensure that the correlation coefficient between age and the Tinnitus Handicap Inventory score will be more accurate. In addition, when testing Acoustic Reflex, this study only evaluated the Acoustic Reflex threshold at 1000 Hz due to time constraints. In the future, Acoustic
Reflex threshold results at 500 Hz, 2000 Hz, and 4000 Hz should also be included in order to confirm whether or not there is no correlation between higher Acoustic Reflex thresholds in those with tinnitus than those in the control group.
A potential future study is to conduct a pre-test and post-test (dependent t-test) on college students who have recently been exposed to loud sounds the night or two nights before such as in a concert or other loud environment. The test would determine whether there is a bigger threshold shifts immediately after the concert and a return to normal a week or a month after the concert. This future study could ask the participants to follow a few pointers to restore their hearing (i.e., reduced caffeine consumption, increased water intake, staying out of noise, abstaining from earphones) and evaluate how effective these treatment options are. This study focuses on using hearing protection and self-reported hearing-related symptoms primarily in a group of high-school students, aged 13 to 19 students.
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Widen and Erlandsson's results prove that the prevalence of tinnitus will increase as a consequence of environmental factors such as exposure to loud sounds especially during activities such as pop concerts and gyms. One of the goals of my study is to further the prevention of hearing impairments in the young population by promoting the use of hearing protection. Age-related differences in the prevalence of tinnitus and noise sensitivity were significant. were observed at extended-high frequencies (9 kHz, 10 kHz, 11 kHz, 13 kHz, 14 kHz, 15 kHz, and 16 kHz) for individuals who frequently used personal listening devices. Especially users who had used listening devices for more than five years at a high volume showed significant increase in hearing thresholds. This research concluded that extended high frequencies can be used for early detection of noiseinduced hearing loss. These results bolster my research study as I examine whether both acoustic reflex thresholds and extended high-frequency thresholds are elevated in people with tinnitus.
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experience tinnitus. 50% of teenagers and young adults aged 12-35 years old tested by WHO are exposed to unsafe levels of sound from personal audio devices and 40% are exposed to environments such as entertainment venues that cause noise-induced hearing loss. This has led to worsened physical and mental health and difficulties in education and employment. 
